Patrones espaciales y dinámica de ocupación durante el Holoceno Temprano en un sitio arqueológico en la costa sur de Tierra del Fuego: Binushmuka I 
Introduction
The use of littoral environments by forager populations can be traced back to the early Holocene in the north coast of the Beagle Channel (Orquera & Piana, 2009; Zangrando, 2009; Piana, Zangrando & Orquera, 2012) . The factors that motivated these early coastal foragers to inhabit that southern region is a question of constraints in the marine environment and the different kinds of resources that it provides (Piana et al., 2012; Bjerck & Breivik, 2012; Bjerck & Zangrando, 2013) . "Early Coastal Foragers" (ECF) (Bjerck, Zangrando, Breivik, Piana & Negre, 2016b) have engaged a prominent part of our research agenda, which looks to understand human adaptation to the sea in the southern tip of South America (Piana et al., 2012) . This research is stimulating and presents at the same time some methodological challenges.
No shell midden formation is known previous to 6400 BP in the north coast of the Beagle Channel (Orquera & Piana 2009 ). Early occupations in the archaeological sequence of that region are characterized by very poor preservation of organic material, which creates difficulty in the exploration of strategies of animal resource procurement. A few pinniped bones were recovered at the First Component of Túnel I (6900 BP; 7600-7900 cal. BP) (Orquera & Piana, 1999: 48) , and very fragmented and calcined bones in the layer S of Imiwaia I (7800 BP; 8400-8700 cal. BP). The implications of this scarce record are still under discussion due to aspects of taphonomy and sample size. Although further studies are still required, the majority of interpretations about these early foragers in the Beagle Channel emphasize the technology and typology of lithic assemblages (Orquera & Piana, 1999: 48; Orquera & Piana, 2009; Piana et al., 2012) . Those studies have pinpointed that artifacts do not show morphological similarities with later nor earlier assemblages in Tierra del Fuego. However, it can be questioned whether typological approaches to lithic assemblages are appropriate to highlight settlement dynamics, in terms of coast-inland mobility.
Coastal settlement patterns of hunter-gatherer and fisher societies can be diverse, as they depend on environmental opportunities and constraints, technology and social organization (e.g. Yesner, 1980; Erlandson, 2001; Bailey & Milner, 2002) . Thus, coastal sites are palimpsest deposits that can indicate diverse social dynamics with the maritime environment for long periods of time in the same region. Although definitions based on habitats, technology and percentage of marine diet (e.g. Yesner, 1980; Lyman, 1991) tend to rely on criteria that are hard to identify in the archaeological record (Erlandson, 1991) , there is a matter of scale concerning the use of maritime environments by hunter-gatherer societies (Bjerck, 2009) . For example, requirements of technology, landscape knowledge and social organization between gathering of shellfish on the coastline and development of foraging activities in the sea are significantly different. Important differences are also expected in settlement patterns and site locations. As we have recently reported , marine hunter-gatherers need to develop activities at land bases, and land bases are in turn normally concentrated at secure landing places (e.g., natural harbours), those settlements are likely to be aggregated at specific locations near the coastline (Bjerck, 1990 (Bjerck, , 2017 . Terrestrial societies with different mobility and foraging strategies do not face these constraints along mainland coastal environments, and will probably apply different settlement patterns in the landscape (Ames 2002) . How are we to identify and differentiate these patterns in the archaeological landscape? Our approach here is to explore the long-term trajectory of site use. The repetitive patterns expressed in the form of durable remains and features can be assessed to provide information about the human relationship with maritime environments. In this sense, when redundancy over time in the spatial structure of the site is observed (spatial consistency), we might expect that its location provides particular material conditions that, due to mobility strategies, prove to be attractive dwelling places.
Binushmuka I was excavated as part of an extensive and systematic survey for recording the location of archaeological sites at Cambaceres Bay, with a special focus on ECF settlements (Bjerck et al., 2016b) . This paper explores the implications of spatial structure on the artifact assemblages at this site, and of its spatial consistency in terms of land use by ECF in estudios atacameños Arqueología y Antropología Surandinas southern coastal Tierra del Fuego. We assume here that the spatial distribution of artifacts and features in relation to the paleogeographic location and the archaeological landscape can be used to evaluate the temporal characteristics of the assemblage (Bailey, 2008; Clark, 2016; . First, the site location and its relation to the paleogeography reconstructed for Cambaceres Bay is presented. Second, the stratigraphy and chronological information are described. Finally, the spatial analyses of the lithic assemblages are developed, and their implications for the land use strategies of hunter-gatherer in the early Holocene are assessed.
Site location and paleogeography
Binushmuka is located in a semi-enclosed part of the Cambaceres Bay that provides very good shelter for human settlement and aquatic mobility, especially because it is protected from the Westerlies.
Cambaceres Bay and its environs are located within a drumlin field assigned to the Last Glacial Maximum (Rabassa, Heusser & Rutter, 1990 ). This drumlin field covers an area of 100 km 2 and presents a maximum W-E length of 20 km. The coastal zone of the study area contains many other landforms, i.e., marine terraces and littoral gravel ridges (Figure 1 ). The distribution of these landforms and the associated marine deposits is constrained by drumlin field morphology. Between these promontories there are former and present beaches associated with inter-drumlin depressions .
Binushmuka I site is in the western coast of the bay at approximately 5.5 m a.s.l, just behind a littoral gravel ridge (Figures 1 and 2 ). Coastal landforms in the Cambaceres Bay perimeter indicate that the sea level reached 5 m a.s.l. during the middle Holocene . Geomorphological and chronological data also indicate the formation of coastal landforms during the Holocene transgression maximum in this area of the Beagle Channel. Thus, the local marine conditions during the occupations at the Binushmuka I site were different than today. A quite larger land extension has been suggested for the early Holocene (Bujalesky, 2011) and the coast line level would have been slightly different around 8000 years ago with a lower sea level. Around 6000 BP, the Paleo-bay Cambaceres had an open configuration that would have allowed greater influence of waves and currents, and better oxygenation of the waters than today (Figure 3 ).
Excavation, stratigraphy and chronology
Excavations at the site were conducted over two seasons between 2012 and 2013 and covered an area of 48.25 m 2
. After a testing phase, excavations occurred in two large areas. The main excavation (A) Figure 2 . Aerial photograph taken from the north. The white tents point the location of Binushmuka I. In the background, the picture shows the mouth of the Varela River followed by the Beagle Channel and finally Navarino Island (Chile). The road and pickup truck indicate the position of the marine ridge, which ends in the paleo-cliffs pronounced by shadows. (Tables 1 and 2 Table 1 . Chronological data from Binushmuka 1 (*burnt root). Radiocarbon data was calibrated using SHCal04 curve (McCormac et al., 2004 ) from Calib Rev 6.0.1 program. Layer S is situated on top of the till formations (drumlins), and it shows a dominance of silt fraction, probably of aeolian origin. This layer presents the highest frequency of artifacts (N=8197), which is mainly concentrated in Area B. Test pits showed no continuity between the artifact assemblages from the two excavated areas. A hearth feature appeared in Area B, but there is still no convincing evidence to suggest the presence of wall remnants, prepared floors, post molds or other distinct architectural features in the excavations; probably the excavated area is not big enough to detect these types of features.
No bone material was recorded. The hearth feature located in Area B was radiocarbon dated to ~7300 BP (~8000 cal. BP, Figure 4 ). Another radiocarbon date from a charcoal concentration associated with a lithic assemblage from Area A offered a date of ~7500 BP (~8300 cal. BP) ( Table 1) .
Layer C is a gravel-dominated lithological unit which covers layer S. Fewer artifacts were recorded in this stratum (N=2664), but with more ubiquity throughout the site. Of particular interest is the presence of artifacts (N=146) of exotic raw materials (green obsidian), including tools, flakes and microflakes. The fact that the source of this stone appears to be near the Brunswick Peninsula (Chile) suggests that hunter-gatherers with maritime mobility produced this assemblage; this has interesting implications to be revisited later in the discussion. The excavation of layer C did not provide evidence of features of space organization (e.g. post molds or hearths) in Area A. Conversely, a grouping of burned rocks and fire-cracked stones with abundant charcoal were observed in Area B (Figure 4) . A radiocarbon analysis on charcoal samples from this feature provided a date of ~5950 BP (~6700 cal. BP). During excavation of layer C, in the south quadrants of Area A, evidence of removed sediment was observed: a heterogeneous matrix with organic content appeared mixed with large rocks at different levels of the stratigraphy. Patches of gravel were also seen at different depths. These disturbances may be related to natural tree-falls.
Different radiocarbon dates on charcoal samples from the base to the top of the layer C offered distinctive results around 6000 BP for Area B, and around 1800 BP for Area A and test pits (Table  1) . While in Area B the radiocarbon information was obtained from the feature indicated above, dispersed charcoal was dated from layer C in Area A. In addition, the excavation conducted at this area allowed to identify burnt roots going through from the layer B to the layer C. One burnt root sample was radiocarbon dated and provided a similar age to the dispersed charcoal (~1800 BP, see Table 1 ). Considering these results, and that no hearth features were recorded, it was not possible to assign a cultural origin to the charcoal collected and radiocarbon dated from layer C at the Area A.
Layer B is at the top of the archaeological sequence and corresponds to the organic horizon of the modern soil. It generated few artifacts (N=67), which were mainly recovered in Area A. Finally, on the top limit of the stratigraphy, the A horizon is characterized by a very high density of roots and grassy vegetation. No archaeological material was recovered in this stratum. The lithic assemblages of Binushmuka site are shallowly buried, and occupations were encountered between 12 and 38 cm below the modern ground surface (Figures 4 and 5) . To characterize the depositional environment of the site, it is important to consider that layers A and B are part of a soil-formation process. Layer C (gravel-dominated deposit) is an unconsolidated material underlying those organic horizons and are related to the formation of the coastal landform. The composition of the layer has relation to the sediment of the paleo-beach formed during the Holocene maximum transgression (Bjerck et al., 2016b) ; this maximum transgression is dated to circa 6000 years BP in the Beagle Channel region (Gordillo, Bujalesky, Pirazzoli, Rabassa & Saliège, 1992; Grill et al., 2002; Isla & Bujalesky, 2008; Rabassa, Heusser & Stuckenrath, 1986; Rabassa, Coronato, Gordillo, Candel & Martínez, 2009 ).
In summary, and concerning the site integrity, we observe that: a) Layer S is clearly separated from layer C by an unconformity throughout the site; b)
The stratigraphic section that comprises to the layers B and C in Area A includes mixing materials, removal of sediments, and lacks reliable chronological determinations for the archaeological assemblages; and c) The stratigraphic sequence of Area B and the archaeological record of layer C seem to retain a higher degree of integrity.
Assemblage structure and artifact density
A recent analysis compared mobility patterns among marine foragers of the high-latitude seascapes of southern Tierra del Fuego and Norway by using parameters compiled by James Chatters (1987) from a range of anthropological and archaeological case studies. In this analysis accumulation of debris, accumulation of layers and discreteness of features were useful archaeological measures of mobility frequency and settlement patterns (Table 3) .
Dimension

Archaeological measures Expectations
Mobility frequency Different ethnoarchaeological studies also support the prediction that discarding of small materials is likely to occur in situ, while larger items are moved away from activity areas, since they hinder ongoing activities within a site (e.g., Binford, 1978 Binford, , 1983 Brooks & Yellen, 1987; Stevenson, 1991 (Hitchcock, 1987; O'Connell, 1987; Stevenson, 1991) . In this sense, it is inferred that the increase in duration or number of occupations is correlated to the development level of size sorting processes and the size of the archaeological assemblage (Clark, 2016; Codding, Zeanah, Bliege Bird, Parker & Bird, 2016) .
The relationship between humans and the littoral environments can therefore be explored through the study of size sorting processes and the size of the archaeological assemblages. Importantly, the expectations derived from those ethnoarchaeological preconceptions depend on the extent to which such sorts of features persisted as visible traces between different occupations given the rate of sedimentation in palimpsests (Bailey & Galanidou, 2009 ).
We examine the spatial distribution considering the artifact density of debitage differentiating microflakes (complete or fragmented flakes minor to 1 cm) from flakes and other artifacts, and its potential relation to hearths or architectural features. Considering the information presented above about the archaeological integrity of the assemblages, this analysis is conducted for the lithic assemblages from layer C in Area B and from layer S of both areas. Table 2 shows the frequencies of the lithic assemblages by the main technological categories. While flakes and microflakes are dominant in all deposits, microflakes are particularly abundant in Area B. Cores appear in both assemblages, while blanks are only presented in Area B. Blanks are bifaces of lanceolate shape and with an advanced lithic reduction. Tools include side-scrapers, end-scrapers and bifacial instruments ( Figure 6 ). While the study of lithic raw materials is in process, the vast dominance of different types of rhyolites suggests a mostly local procurement.
Size sorting of the Binushmuka site has been analyzed from a quantitative framework based in scalar data representing frequencies of lithic artefacts. Visualization of site plans with color shading values depending on the frequency of lithic debris in layer S (flakes and microflakes, separately) were done using ArcGIS 10.4 (Figure 7 and 9) . Their values were transformed to percent values to combine them in a final representation of debitage concentration. From the comparison between both types of lithic debris, we assessed the degree of size sorting in the archaeological site.
The identification of statistically significant spatial hotspots which could be related to activity areas was performed using the autocorrelation statistical test Getis-Ord Gi*. In this analysis, the local sum for an entity and its neighbors is proportionally compared to the sum of all entities; when the local sum is different from expected, and that difference is too large to be the result of a random choice, a statistically significant z score is obtained. A positive z indicates higher autocorrelated values, always with low values of p (probability) indicating refusal of the null hypothesis of randomness (Getis & Ord, 1992; Ord & Getis, 1995) . Getis-Ord Gi* values are displayed according to concentration zones of 99%, 95% and 90% of confidence level and areas without statistical significance (Figures 8  and 10 ). The degree of size sorting of the archaeological record can be assessed from the comparison between the hotspots by map algebra. Finally, lithic instruments, cores and blanks were added to the imagery output to assess the spatial correlation between them and the mentioned occupation areas.
As described above, although the evidence obtained in area A might be indicating reoccupations at longterm intervals of time, the integrity observed in the archaeological assemblages does not provide appropriate criteria for assessing the spatial distribution of layer C at this location: part of the archaeological sequence of this area was affected by disturbance and removal of material, and the identification of burnt roots going through different layers raised uncertainties concerning radiocarbon data.
Area A (Layer S)
Frequencies of flakes (N=580) and microflakes (N=169) from layer S were mapped in 0.5x0.5m quadrants (Figure 7) , and no debris concentrations are clearly observed in Area A. However, the statistical analysis of the frequencies identifies spatial concentrations for both categories (Figure 8 ).
Flakes are concentrated at the central part of the excavation. Microflakes appear with more density at the south section, but high densities also overlap with the concentration of flakes. The results show a low degree of size sorting. These concentrations of debitage are directly associated with tools and cores covering a surface of approximately 7 m 2 . As we have already mentioned above, prepared floors, post molds or hearth features were not recorded during the excavation in association with lithic assemblages.
Area B (Layer S)
In Figure 9 we present the frequencies for lithic debris mapped in 0.5x0.5m quadrants with 360 flakes and 7028 microflakes from layer S. Frequency distribution of flakes and microflakes show similar patterning: very low frequencies are presented in a wide space throughout the excavated area, while higher values result in a clear spatial patterning from the center to the southeast corner of the excavation. When densities are statistically analyzed and concentration zones are mapped ( Figure  10 ), a high degree of size sorting becomes apparent. A dispersion of microflakes of approximately 7.5 m 2 surrounding a hearth feature is identified. Concentrations of flakes also appear around of the hearth feature. It is remarkable that the concentration of the southeast corner has no significant representation of microflakes. Tools, blanks and cores appear along the periphery of the whole activity area, with the only exception of one blank. 
Area B (Layer C)
Frequencies of flakes (N=679) and microflakes (N=486) from layer C were mapped by 0.5x0.5m quadrants (Figure 11 
Discussion
The presented analyses allow us to make a series of observations on the temporal structure of the archaeological record of Binushmuka I. Occupations at layers S and C show similar spatial distribution of artifacts and features at the same locus, and lithic assemblages do not allow us to infer important differences in activities practiced at the site. Furthermore, the confined size of the assemblages (~7-8 m 2 ) in both layers are likely to represent occupations by small sized groups. The archaeological discontinuity observed between layers S and C, both in chronology and in accumulation of cultural material, is also a remarkable aspect in the temporal structure of the site.
Two other archaeological sequences including ECF components in the Beagle Channel region present a similar temporal structure to Binushmuka I. As it was mentioned in the introduction, the First Component of Túnel I, 6680 ± 210 and 6980 ± 100 BP (7590-7942 Cal. BP) (Orquera & Piana, 1999) , and the layer S of Imiwaia I, 7842 ± 53 BP (8420-8662 Cal. BP) (Piana et al., 2012) , appear as deposits with concentrations of lithic artifacts with poor organic preservation; there are only charcoal and a few bone fragments.
7 Interestingly, Túnel I and Imiwaia I sites show shell midden formations from 6400 BP to the late Holocene. Technological and zooarchaeological remains from those shell midden deposits provide evidence that marine foraging activities were developed (Orquera & Piana, 1999; Schiavini, 1993; Zangrando, 2009) . Furthermore, the presence of green obsidian artefacts in shell middens at both sites was interpreted as supporting social networks between the Beagle Channel and Brunswick Peninsula as maritime trade routes (Alvarez 2004 , Morello et al., 2012 . Additionally, the sizes of the occupied areas registered in EFC assemblages are no different to those presented by shell midden formation stud-ies for marine foragers (Piana & Orquera, 2010) , which were characterized as small social groups with high mobility patterns. No shell midden formation was observed in Binushmuka, however the spatial patterning and the resulting overlapping between occupations of the early and middle Holocene, and the technological composition including the use of green obsidian in occupations of the middle Holocene show similar trajectories through time in the site-use in all three cases.
Why do we observe a repetitive spatial pattern in site locations between the early and the middle Holocene? The location of dwelling places is not a random phenomenon. Among other factors, it depends on mobility strategies and social organization demands on geographical conditions and features of the environment, and how that features are socially reproduced (Hayden, 1979; Schlanger, 1992; Politis, 1996) . As a corollary, the answer should depend to some degree on visible traces in the landscape. Rock-shelters are a classic example as repeated dwelling places over long periods of time due to the fact that they are visible and accessible features in the landscape that can provide refuge to many generations of people and/or to different societies at different times (Bailey & Galanidou, 2009) . Open site formations such as shell middens can have a similar effect, where the conscious or unconscious rapid accumulations of discarded materials create features in the landscape that attract re-use because of different reasons (Bailey, 1977; Piana & Orquera, 2010) . The dwelling structures (e.g., wood huts) can also invoke re-occupations for many hunter-gatherer societies (Piana & Orquera, 2010) , but due to the durability of building materials it is not expected that it works as a visible trace after long periods of abandonment. None of these possibilities are however applicable to the earliest occupations of the Beagle Channel. On one hand, the ECF assemblages appear as archaeological deposits that were rapidly buried, and it is unlikely that they provided any persistent surface phenomena in the past (e.g., shell midden). On the other hand, the chronological differences between those earlier occupations and the subsequent uses of the sites generate discontinuities of several centuries and even more than a millennium which makes it difficult to think about the reuse of preexistent dwelling structures. Sum probability density Figure 13 . Calibrated age ranges and sum probabilities from early and middle Holocene deposits of Túnel I, Binushmuka I and Imiwaia I sites. Radiocarbon ages (Orquera & Piana, 1999; Zangrando, 2009) were calibrated with Calib 6.0 (2∂-SHCal04) (McCormac et al., 2004) . Grey ranges indicate shell midden formations. Features of the topography may have unique qualities that make them especially suited for certain practices and behaviours (Schlanger, 1992) . In this sense, distinctive features in the landscape would have also worked as visible traces during long time periods indicating good settlement conditions and prompted to the re-use of specific places. If we look closely, the location of Binushmuka in relation to the landforms at Figure 2 , it is possible to observe that this site is circumscribed to coastal landforms. Systematic test-pit surveys and radiocarbon analysis performed by the authors in the area and on different landforms nearby Binushmuka did not provide evidence of further occupations of the early Holocene (Bjerck et al., 2016b) . This suggests that different landscape features resulted in the selection of different dwelling places. Therefore, the spatial consistency between early and middle Holocene occupations makes it difficult to assume that the repeated use of specific locations was a fortuitous factor. Rather, it is more reasonable to assume that groups with similar mobility patterns and foraging strategies used those locations.
Archaeological discontinuities of different magnitudes were recorded between earlier occupations at Imiwaia I, Binushmuka I, and Túnel I sites. In the first two cases the hiatus between layers S and the subsequent occupations are approximately 1400 years, while in Túnel I the difference between the First Component and the shell midden formation is nearly 500 years. However, when radiocarbon data is calibrated and plotted as sum probabilities to obtain a regional view, the distribution shows continuity between occupations of the early Holocene and those of the mid-Holocene, with a short hiatus between 8400-8200 cal. BP ( Figure 13) . Thus, the lack of site-use at particular locations and during specific time periods does not mean there is an archaeological discontinuity at a regional scale.
Conclusion
Previous evaluations on technological assemblages from basal deposits of Túnel I and Imiwaia I stated that first human occupations in the Beagle Channel corresponded to inland hunter-gatherer groups (Orquera & Piana, 2009 ). This produces a logical conclusion of discontinuity between those populations and the hunter-gatherers with technological capabilities for foraging in the sea which colonized the region in the mid-Holocene. The spatio-temporal analysis developed in this work, first assessing the Binushmuka I case and then establishing comparisons with the other two early contexts known for the region, does not support the existence of discontinuity between early and middle Holocene occupations, either in the location of sites or in the historical timeline at a regional scale. The discontinuity seems to be exclusively marked by typological criteria. While the spatial consistency observed among early occupations on the Beagle Channel region should not be considered as a determining factor to support the presence of marine foragers from the early Holocene, it does promote new considerations addressing the peopling of the archipelago at the southern tip of South America.
